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- WITE AILERONS AND SPOILERS

By Fred E., Welck and Carl J. Wenzinger

'SUMMARY

This report is the seventh in a series of systematic
tests in which various lateral control devices are com~
pared with particular reference to their effectiveness at
high angles of attack., The present tests were made with
ordinary allerons and different sizes of spoilers on rec-~
tangular Clark Y wing models with Handley Page tip and
full-gpan slots. The tests, which were made in the 7 by
10 foot wind tunnel of the National Advisory Committes
for Aeronautics, showed the effect of the control devices
on the general performance of the wings as well as on the
lateral control and lateral stahility characteristics,

It was found that the wing with Handley Page tip
slots and certain combinations of the ailerons and prop-
erly located spollers had patisfactory damping in roll
and satlsfactory rnlling control with no adverse yawing
moments at angles of attack up through 30° "With the
full-span slot the conventional silerons alone did not
give rolling control of an assumed satisfachory amount at
angles of attack above 109 (maximum 1ift occurred at 26°),
but when combined with spoilers satisfactory rolling me-
ments were obtained with no adverse yawing moments. Large
spollers tested as the sole means of lateral control on
both the wing with tip slots and that with the full-span
slot gave in both cases & moderate amount of rolling con-
trol at all angles of attack, together with favomrable
yawing moments which were extremely large, possibly too
large,
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INTRODUCTION

A serles of systematic wind-tunifel investigations is
being made by the National Advisory Committee for Aero-
nautics in order to compare varlous lateral control de-
vices,s, The various devices are given the same routine
tests to show their relative merits in regard to lateral
controllability and theilr effect on the lateral stabil-
ity and on airplane performance. They are being tested
first on rectangular Clark Y wings of aspect ratio 6, thisn
on winge with different plan forms, wings with high 1ift
devices, and also on wings with such variations as washout
and sweepbaclk, which affect lateral stability. The first
report of this series (reference 1, Part I) deals with
three sizes of ordinary ailsrons, one of these a medium-
sized one taken from the averags of a number of coaven-
tional airplanes and used as the standard of conmparison
throughout the entire investigation., Other work that has
been done in thipg series ie reported in reference 1,
Partsg II to VI, In these tests the only control devices
that affected the lateral stability were ordinary and
gelotted allerons arranged to float and floatlng wing-tip
allerons.

.The present report covers two of the series of in-
vestigations comparing lateral control devices., The
first is on & wing with Handley Page tip slots, wiich im-
prove the lateral stability at high angles of attack,

Tae second is on the same wing fitted with a full-span
slot, which extends the range of angles of attack below
the stall and increases fthe maximum 1ift coefficient, and
which therefore requires that the ailerons give greater
values of the rolling-moment coefficient at the high an-
gles of attack in order to provide the same degree of lat-
eral control, The form of the slat and its location wit:
the slot open, which are the same for both the tip and
full-span slots, were taken directly from the optimum re-
sults of previous tests. (Reference 2.)

The length of the tlp slots was taken as that which
gave damping in roll to the highest angle of attack, 1In
tosts described in reference 3, this length was 50 per
cent of the semispan, The slots werse assumed %o bs auto-~
matie in action, being closed at the low angles of attack
and open at an angle of attack of 10° or above.

The wing with both tip and full-span slots was testoed
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with the standard averago- sized ailerons and with thess

same allerons rigged up 10° when noutral in order to im-
prove the yawling moments. (See reference 1, Part III,)

In addition, tests were made with the ailarons combinod

with spoilers and interceptors, and large spoilors wWoro

tested alonoc as the sole means of lateral control.

"APPARATUS

Model,~ The wing model, whicha was constructed of lam-
inated mahogany, was basically & Clark Y airfoil 10 inches
in chord and 60 ianches in span. (Fig. 1.) The slats woro
mads of saluminum alloy and wore attached to tho main wiang
by moans of small metal c¢lips. The spocifiod ordinatos
for both the main airfoil and the slat are givea in Tadlo
I3 the modols wero constructed to within +0.005 inch of
tuoso values, .

The spollers were the same ones tested previously un-—~
der reference 1, Part V, being thin wmetal plates hinged
in such a manner a&s to be flush with the surface of the
airfoil when closed, The medium-sized spollers, 0.07 c
high, were hlnged at the rear so that the hinge moment
could be balanced against that of the ailerons to give a
small control force. (Fig. 2.) The best location of tae
hinge axis back of the leading esdge was found in previous
tests, (Reference 1, Part V, and reference 4.) This lo-
cation wag far enough back of the slot so that the spoil-
er could be operated with the slot open or closed, The
length of the spoiler in thée case with the tip slot was
made the same as that of the slot - 50 per ceat of thase
semispan.

Yith the full-gpan slot the medium-sized spoilars
were made the samse length as for the first tests on a
plain wing, 40 per ceant of the samispan. (Reference 1,
Part V.) As shown in Figure 2, they wore located with the
outor tips 20 per cent of tac semispan inboard from tho
tip of the wing. This was tle posit@gp that gave tho
highest rolling moment at the angle of attack of maximum
1ift in the preliminary tests, tne results Qf which are
given in Figure 3. - AT e -

An interceptor, which is considered here as a small
spoiler intended esseintially %o close off the slot at high
angles of attaclk, was proportioned as closely as possible
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to the latest form of Handley Page interceptor, as illus~
trated in references 5 and 6., (Front position, fig, 4,)
Inasmuch as previous H.A.0.4A, tests (reference 4) had in-
dicated that better results might be sxpected with the
interceptor located farther back from the slot, tests were
also made with it in the rear locatlion as shown in Figure
4, In both positions it would be covered by the slat wasen
the slot was closed., These iInterceptors were tested on-
ly with the tlp slots for they were thought too small to
glve the degree of coantrol assumed satisfactory with tae
full-span slot.

The large spoiler used alone is siown in Figure 5,
It is located entirely to the rear of the slot and wouwld
operate indevendently of the slot whetler 1t were open or
closed, ' .

Wind tunnel.~ All the present teste were made in the
N.4.C.A, 7 by 10 foot open~jet wind tunnel. In this fua-
nel the model is supported in such a maanuner that the
forces and moments at the gquarter-chord point of the mid
section of the model ars measured directly in coofficient
form. For autorotation toste, the standard force-tost -
tripod is replaced by a spocial mounting that permits the
model to rotato about the longitudinal wind axis passing
through the midspan quarter~chord point. This apparatus
is mounted on the balance, and the rollling-moment cooffi-
cient can be read directly during the forced-rotation -
tests. A complete description of the above esqulipment is

glven in referenco 7'“‘Jne—4[2r-;44d*“3. LQ%I,
TESTS

‘1

The tests were conducted in accordance with the
standard procedure, and at the dynamic pressure and
Reynolds Number employed throughout the entire series of
investigations on lateral control. (Reference 1.) Tae
dynamnic pressure was 16.37 pounds per sguare foot, corre-
sponding to an alr spéed of 80 miles per hour at standard
density, and the Reynrolds Humber was 609,000, based on
the chord of the basic airfoll section.

The regular force tests were made at a sufficient
number of angles of attack to determine the maximum 1ift .
coefficlent, the minimum drag coefficient, and the drag * -
coefficient at O = 0,70, which is used to give a rate-
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0f-climb criterion., Free~zutorotation tests were made
to determine the angle of attack above which autorotation
was self-starting with all controls neutral. Forced-
rotation tests were also made in which fthe rolling moment
was measured while the wing was rolling at the rotational

. 'ty - . o
vseloelity corresponding %o %—V = 0,05, +the highest rate

likely to be obtained in gusty air, and at angles of yaw
of both 0° and ~20°. .

The accuracy of the results in this report is the
same as that in Part I (reference 1) except for angles of
attack above the burble., It is considered satisfactory
at all angles of attack for the wing with both tip and
full-span slots, whereas with the plain wing accurate
measurements could not _be made just beyond the stall.

Assumed control movements.- The force tests were made
with a sufficient number of gpoiler and aileron deflec-
tions to give data for the four types of alleron movement
used in the tests with the plaln wing (reference 1, Part
I): equal up-and-down, average differential (No. 1), ex-
treme differential (No., 2), and upward movement only. The
relative displacements of the two ailerons are given in
Figure 6 and the assumed control linkages in Figure 7.

In the case in which spoilers gnd allerons are used in
combination, the maximum deflection of the spoller is taken
as 90° and the movement is considered proportional %o that
of the wup aileron.

_— . T

The maximum deflection of the large spoiler when used
alone is also assumed to be 90° for the present tests.
Although the previous tests of this spoiler on a plain
W1ng indicated no appreciable gain from deflections above
60°, the present tests with the Handley Page gslots SHQWed
a deflnite increase in rolling moment from &0° to 90°

RESULTS - -

Cogfficientg.~ The force~test results are given in
the form of absolute coefficients of 1ift and drag and of
the rolling and yawing moments.
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CI' = <Trolling moment
abs$s

yawing moment
g b §

where S 1s the total wing area with slots cloged, D

is the wing epen, and g 1is the dymamic pressure., The
coefficients as given above are not corrected for tunnele
wall effect, They are obtained directly from the balance
and refer to the wind (or tunnel) aXes. In special caseb
in the discussion where the momsnts are used with refer-’
ence to body axes, the coefficlents are not primed., Thus
the symbols for the rolling and yawing moment coefflclentys
about body axes are C; and On.

The results of the forced-rotation tests are gilven,
also about the wind axes, by a coefficient representling
the rolling moment due to rolling:

A
°» = 7778

where )\ is the rolling moment measured while the wing is
rolling, and the other factors have the usual signifi-
canc8, This coefficient may be used as a measure of the
degree of lateral stability or instability of a wing under
various rolling conditions, In the present case, it is
used to indicate the characteristics of a wing when 1t ia
subjected to a rolling wvelocity equal to the maximum like~-
1y to be encountersd in controlled flight in very gusty
air., This rolling velocity may be sexprossed in terms of
the wing span as '

p'd

e == 05
2V 0.0

where V 1i1is the air speéd at the center section of the
wing, and p' 1is the angular veloclty in roll about the
wind axise, S
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Tables.,~ The complete resulits of the tests for the
wing with tip slots are given in Tables II to ¥V, inclu-
sive. Tables II and III give the values of Op, Cp, GL‘
and 0,' for all control deflections and for 0° and -20°
yaw, respectively, Table IV glives values of C) at

th 'd
%—V = 0,056, and valuss of %_F over the first part of

the free-~autorotation range for 0° yaw with e ailerons
neutral, Table V gives values of 0Op at ENF = 0,05

with ~20° yaw, In like manner the results obtained with
tho full-span slot are given in Tables VI to IX.

DISCUSSION IN TERMS OF CRITERIONS

SECTION I. TIP SLOTS

A series of criterions was developad in Part I (ref-
erence 1) for the purpose of comparing the effect of vari-
ousg ailerons or other lateral control devices on the gen-—
eral performance of an alrplane, on its lateral control-
lability, and on ite lateral stability. The ailesrons and
spoilers used in the pregsent tests with their various
movements are compared with sach other Dy means of these
criterions in Table X. In addition, valuss are included
from reference 1 for the ailerons on a plain unslotted
Wing.

General Performancs

(Controls Heutral)

Wing ares reguired for desired landing speed.~ The
value of the maximum 1ift coefficient is used as a cri-
terion of the wing area required for the desired landing
speed, or converseéely for the landing speed obtained with
a given wing area. The value of the maxXximum 1ift coeffi-~
clent was slightly lower with the tip slots than with the
plain unslotted wing, but, as shown in Figunre 8, the 1if%
coefficient with the slotted wing is maintained at & rel-
atively high value up to a much higher angle of attack,
and has a second peak as high as the first at an angle of
attack of 32

When it was decided to make tests on the tip-~slotted
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wing with the ailerons deflected up 10° when neutral to
improve the yawing moments, it was thought that possidly
the effect of the tip slot in delaying the stall would
eliminate the lose in maximum 1ift accompanyiag the 10
upward deflections on both ailerons of a plain wing. The
tests showed, however, that the tip slots did not help in
this respect. The maximum 1ift coefficient with the al-
lerons rigged up was, as in the case of the plain wing,

6 per cent lower.

(o}

Speed range.- The ratio Oppmax/Opmin 18 & convenient

figure of merit for comparison of the reéelative speed rangse
obtailned with various winge. The nlinimum drag coeffi-
cient in this ratio has been taken as the valus for the
plain wing, the slot being assumed closed and the result-
ant wing of perfect form for the high speed. The value

of GLmax/cDmln is slightly lower for the wing with *ip

slots than for the plain wing on account of the lower
values of Cypoee It is still lower with the allerons

rigged up 10° when neutral.

Rate of climb,- In order to establish a suitable cri-
terion for the efféct of the wing and ths lateral control
devices on the rate of climb of an aipplans, the perform-
ance curves of a number of types and siZes of airplanes
were calculated, and the relation of the maximum rate of
¢limb to the 1ift and drag’ curves wap studied, This in-
vestigation showed that the L/D at @ = 0,70 gavae a
consistently reliable figure of merit for this purpose,
Inasmuch as the slots areg assumed closed at this 1ift co-
efficient and the wing form 1& assumed perfect, the value
of this criterion 1s the same for the wing with tip olots
as for the plain wing,

Latsral Controllability

(Maximum Assumed Control Deflection)

Bolling criterion.~ The rolling criterion upon which
the control effectlveness of each of the aileron arrange-
ments is Judged is a figure of merit that is designed to
be proportional to the initial acceleration of the wing
tip, following a deflection of the ailerons from néutral,
regardless of the alir speed or the wing plan form of an
airplane, Expressed in coefficient form for a rectangu~
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lar monoplane wing, the briﬁerion 5ecomeé

- e N
~  pe = Sk ) )
) - - c L . .- - . . _— _ . - -

where © is the rolling-moment coefficient about the
body axis due to the ailerons, The numerical value of
this expression that has been féund to represent satis-
factory control condi%ioyg_is approximately 0.075, A more
detailed explanatlon of RC “and its more general form,
“which is applicable to any wing plan form, is glven in

Part I.

The comparison of the allerons_on the Dbasis of this
criterion is given in MTable X af four représentative an-
gles_of attack; namely, 0°, 10°, 20°, and 30°, The first
angle, 0°, represents the high—spee& attitude; o = 10°
represents the highest angle of attack at which entirely

atisfactory control with ordinary ailerons can be main-
tained; o = 20° represents the condition of greatest in-
stability in rolling for the plain unslotted Clark Y wing,

and is probably the greatest attainable angle of attack
with most present—day airplanes in a steady giide; and fi-
nally, a = 30° is repreosentative of the highest angles
of attack at which the present wing w1th tip slots’ has
satisfactory control and stablility. -

At g = 0° all the control devices tested gave more
control than necessary, the lowest being nearly douBTe
the assumed satisfactory value, At this angle of attack
the slots are assumed closed and the condition the same
as for the plain wing. -

At o = 10° the slots are assumed open and all the
plain aileron arrangements gave reasonably close taq the
assumed satisfactory value of RG, 0.076, Thls cpndifion
is also true for thg large spoiler alone and the combined
ailerons and intercepteor with the latier in itg origina1
position. The combinations of ailerons and spoilers, in-
cluding the interceptor in its rear position, gave rolling-
control criterions in excess of the satisfactory value.

A more rigorous comparison could, therefore, be made by
decreasing the control sizes or deflections to give ap-
proximately the satiafactory value of RBC at o = 10

but this has hot been done because of the added compllca—
tions.
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At @ = 20°, which represents the highest angle of
attack that can be maintained by an average airplane in a
glide, the plain ailerons operating behind the slot did
not give satisfactory values of RC with any of the four
movements, The highest value, about 80 per cent of the
satlisfactory, was given by tho average differential move-
ment with standard rigging and by egual up-and-~-down move-
ment with the ailerons rigged up 10° when neutral. (The
actual maximum position of the ailerons in both of these
cases ls exactly the same.) The extreme differential and
up-only movements, which gave the highest values of RC
with the plain wing, gave definitely lower values with the
wing having tip slots.,

The interceptor in its original location combined
with allerons decreased the rolling moments slightly as
comparsd with the allerons alone at an angle of attack of
20° for the equal up-and~down and the average differsn-
tlal movements, but increased them slightly when used
with the extreme differential and up-only movements. 1In
no case, however, did the combination glve values as high
ags those obtalned with the ailerons alone having the av-
srage Alfferential movement. When moved back from the
slot to become what is here considered a small spoiler,
the effect of the interceptor was greatly lncreased and a
satisfactory value of RC was obtained with equal up-and-
down aileron movement, (This ie thé only movement listed
in Table X, but the maximum deflections corresponding to
the other movements were ftested and the data are given in
Tables II and III.) This improvement substantiates the
results of refesrence 3 and shows that the proper action
is to spoll the smooth flow over the upper surface of the
wing rather than to intercept the air flowing through the
slot.

The 0,07 ¢ high spoiler when combined with the equal
up~and~down or the average differeantial movement gave sub-
stantlally greater than the assumed satisfactory value of
RC at an angle of attack of 20°, but gave a value that
is juet satisfactory with the extreme differential move-
ment. The large spoiler alone gave 91 per cent of the
assumed satisfactory wvalue.

At the extreme angle of attack of 30° svery control
combination tested on the wing with tip slots gave more
than one-half the satisfactory value of RO, a great im-
provement over the values obtained without the slots,
Satisfactory values wWere glven by the spdiler and aileron
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combinations with equal up~and-down or average differen-
tial movement of the ailerons. The large spoiler alone
gave three-~fourths of the satisfactory value.

Lateral control with sideslip.- If a wing is yawed.
20°, a rolling moment is set up that tends to raise the

forward tip with a magnitude that is greater at very high
angles of attack than the available rolling moment due to
conventiongl ailerons. The limiting angle of attack at
which the allerons can balance the rolling moment due to
20° yaw represents the greatest angle of attack that can
be held in an average sideslip, This angle is ftabulated
for all the alleron and spoiler arrsangéments as a crite~
rion of control with sideslip.

With the wing~tip slots and allerons alone the equal
up~and-down deflection gave control against 20° yvaw to
the same angle of attack as the same aileron on the plain
wing, namely 20°%, but the extreme differential and up=-
only movements gave controlh%o substantially higher angles
of attack, 32° and 33° , respectively. In addition, "the
interceptors in ftheir original location did not affect
this angle of attack, but when moved back increased it
slightly. The 0,07 ¢ high spoilers and ailerons gave con-
trol up to high angles of attack with all the aileron
movements, the angle being 38° with both the average and
the extreme differential movements., The large spoiler
alone gave control up to an angle of attack of 34°

Yawing moment due to sllerons.- The desirable yawing
moment due to ailerons varies to some extent with the
type of airplane that is being considered. For a highly
maneuverable military or acrobatic machine, complets in-
dependence of the controls as they affect the turning mo-
ments about the various body axes i1s no doudbt a desirabdle
feature. On the other hand, for large transport airplanes
and for machines to be operated by relatively inexperi-
enced pilots, a favorable yawing moment of the proper mag-
nitude would probably be an eppreciadble aid to safe fly-
ing. Finally, it is obvioue that a yawing moment tending
to turn the airplane out of ite normal bank is never de-
sirable,

With the ailerons alone the yawing moments were about
the same with the slotted wing as with the plailn unslot-
ted wing, the adverse yawing moments at high angles of
attack belng greater than could be overcome with an aver-
age rudder. The adverse yawlng moments were reduced con~
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siderably gut not entirely eliminated by rigging the aile-
rons up 10~ when neutral, They could be entirely elimie
nated by rigging the ailerons up further, bdut this would
require & rather large sacrifice in & lower maximum 1ift
coefficient and a higher minimum drag coefficient,

The yawing moments were not improved by the addition
of the interceptor in its original posltion at any of the
usual angles of attack through 20°, but definitely favor-~
able gawing moments were obtained at an angle of attack
of 30 With the rearward position, however, substantisl-
ly favorable yawing moments, with no adverse ones with
any deflection, were obtained at all angles of attack at
which the slot would be open (assumed as 10° and above).

The combination of the Q0,07 ¢ high spoiler and the
ailerons gave large favoreble yawlng moments, with no
adverse ones, at all angles of attack whether the slot
was assunmed open or closed, The large spoller alone gavs
very large, possibly too large, favorable yawing moments
et all angles of attack, In this connectlon, the desira-
ble magnitude of the favorable yawing moment is not known
within a reasonable degree of accuracy, and flight tests
to establigh this point would be highly desirable.

‘Lateral Stability

(Controls Neutral)

Angle of attack sbove which sutorotation is self-
sterting,~ This criterion is & measure of the range of
angles of attack above which autorotation will stert from
an initial condition of practically Zero rate of rota-
tion, The limiting angle of attack was raised from 18°
for the plain Clark Y wing %o 33° for the wing with tip

slots, which puts it well above the range of angles of
attack that can be maintained by average conventional
alrplanes,

Stability againgt rolling caused by gusts.~ Test
flights have shown that in severs gusts a rolllng veloc=

t
ity such that %~% = 0,05 'may be obtained., Consequent-
ly, the rolling moment of & W1ng due to rolling at this
p'd

value of 5 zZives a measure of 1tes stability charac~
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teristics in rough air, In the present case, the angle

at which this rolling moment becomes zersc is used as a
more severe criterion than the previously mentioned angle
at which autorotation is self-starting, to indicate the
practical upper 1limit of the useful angle~of-attack range.
¥ith O yaw, the angle of attack for initial instability
is 32° for the wing with tip slots as comgared with 17°
for the plain unslotted wing; but with 20 yaw the angle
is increased only & small amount, from 11° to 14°, by
meansg of the aslots,

The above criterion shows the critical range below
which stability is such that any rolling is damped out,
and above which instability exists. The lasgst criterion,
maxlmum C), indicates the degree of this instability.
With 0° yaw, the siotfed wing had a much weaker tendency -
to autorotate, and the maximum tendency occurred at a very
high angle of attack - about 40° As shown in Figure 9,
the damping in roll is practicall zero for a very small
range of angles of attack near 20°, As shown by the re-
sults of reference 3, the damping at this point can be in-
creased if desired, by lengthening the slots slightly.

The maximum autorotational moment With 20° yaw is of
importance only in the condition in which the airplane is
skidded and the forward wing tip is rolled upward or the
rear tip downward by means of a gust, This auntorotation-
al momen®t, which 1s large with the plain Clark Y wing, is
reduced somewhat by means of the tip slots; but of greater
importance is the fact that it does not occur except at
angles of attack above the range that can be maintained
by the average ailrplane. B

Control Force Reguired

The hinge moments were not measured in the tests with
the slots because it was thought that they should not 4if-
fer greatly from the moments for the same ailseronsg and
spoilers on the plain wing given in reference 1, Part V.
spoilers and ailerons, it is possible to obtain very small
control forces.
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SECTION II. FULL-SPAN SLOT

Criterions similar to those used in the previous sec-
tion are given for the wing with the full-span slot in
Table XI.

General Performance

(Controls Neutral)

Wing area required for desired landing speed.- The
value of the maximum 1ift coefficient was increased from
1.27 with the unslotted Clark Y wing to 1.83 with the
full-span slot. (Fig. 10,) With the ailerons rigged up
10° when neutral, the value was 5 per cent lower,

Speed range.~ With the slot assumed closed and the
wing of perfect form at the angle of attack for minimum
drag, the ratio Oppgx/Opmin Wae 44 per cent higher for
the fully slotted wing than for the plain wing and 51 per
cent higher for the fully slotted wing than for the one
with tip slots covering 50 per cent of the span., The
value of the speed-range ratio was somewhat lower wilth the
allerons rigged up 10° when neutral.

Bate 0of c¢limb.~ Inasmuch as the slots are assumed
closed for the climbing condition and the wing is assumed
to be of perfect Clark Y form, tiae rate of climb would be
the same with the full-span slot as with the plain unslot-
ted wing. -

Lateral Controllability

(Maximum Assumed Control Deflection)

Rolling criterion.— At the angle of attack of 0° with
the slot assumed closed, conditions are the game as for
the unslotted wing., At this angle of attack all the de-
vices tested gave more control than necessary.

At « = 10° with the slot open, all of the plain al-
leron arrangements and also the large spoilers alone gave
very close to the assumed satiefactory value of RO of
0.075, The combinations of ailerons and spoilers gave
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values greatly in excess of the satisfactory value with
all four aileron movements.,

At « =~20°, which represents the highest angle of
attack which can be obtained by an average airplane in =
glide, but which is well below the stall with the full-~
span slot, none of the plain alleron arrangements gave
satisfactory values of RC, ©the values ranging between
one~half and two-thirds of the satisfactory value. With
all movements except the equal up-and-down, the ailerons
alone gave less control on the fully slotted wing than on
the plain wing, which is stalled at this angle of attack,
The 0,07 ¢ high spoiler when combined with the allerons
with either equal up-and-down or average differential
movements gave greater than the assumed satisfactory value
of RC at q = 20°, The valueswith the extreme differen-
tial and up-~only movements were not guite satisfactory.
These conditions indicate that the downward aileron move-
ment is more effective on a fully slotted wing than on a
plain wing, The large spoiler alone gave about four-
fifths of the assumed satisfactory value of RC. )

At o = 300, which i1s beyond the stall of the slotted
wing, none of the control combinations tested gave values
of RC which were entirely satisfactory, dbut some ap-
proached 1%t fairly closely. The highest value, 92 per
cont of the assumed satisfactory RC, was obtained with
the 0,07 c spoilers combined with the ailerons with the
average differential movement. The large sgoiler alone
gave about the same amount of control at 30° as at 20°,

TLateral control with sideslip.- The maximum angle of
attack at which the lerons alons would balance the roll-
ing moment due to 20 yaw ranged from a minimum of 270,
or just above the gtall of the completely slotted wing,
to a maximum of 32°; the combined spoilers and ailerens
gave control up to somewhat higher angles of attack, 35°
being obtained with the up-only moyement, Control was
also obtained up to an angle of 3% with the large spoil-
er alone, - o T

Yawing moment due %o controls.- With the allerons
alone the yawing moments were about the Same with the
full-span slot as with the unslotted wing. The adverse
yawing moments above the stall of the fully slotted wing
were greater than can be overcome with an average rudder.
The adverse yawling moments were eliminated DPelow the stall
and reduced above the stall by rigging the ailerons up 10°
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when neutral; but the valuss above the stall were still
unsatisfactorily high., The spoiler-~aileron combination
gave rather large favorable yawing moments at all angles
of attack, with no adverse ones. The same is true for
the large spoiler alone, but in that case the so~called
favorable values were extremely large, possibly too larege
for satisfactory control. '

Lateral Stability

{(Controls Neutral)

Angle of attack above which autorctation is gself-
starting.~ The limiting angle was raised from 189 for the
unslotted Clark Y wing to 25° for the Clark Y wing with a
full~span slot. This value 1s above the limlting angle
of attack which can be maintained in a glide with an av-
erage conventional airplane, but is slightly below the
angle of attack for maximum 1ift of the fully slotted wing.

Stability against rolling caused by gustg.~ With 0°
yaw the angle of attack for initial instability with a
rolling velocity such that E_~ = 0,05 was the same as

the self-starting valus, 250 This value was 17° for the
unslotted wing and 32° for the wing with tip slots cover-~
ing half the span. With 20° yaw tne angle was increased
from 11° for the pleain wing and 14° for the wing with tip
slots to 19° for the wing with a full-span slot.

At 0° yaw the fully slotted wing had & maximum auto-~
rotational tendency (value of CA) which was definitsely
lower than the average valuss measured for the plain un-
slotted wing. It wag about the same as the lowest meas-
ured for several plain unslotfed wings which vary through-
ont a fairly wide range because of inaccuracies of form,
even though built within close limits to the same dimen-
sions. With the fully slotted wing the maximum value of
0) occurred at a high angle of attack, about 35° (Fig.
11.) At 20° yaw the value of () was about .the same for
the fully slotted wing as for the plaln unslotted ons.
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CONCLUSIONS

SECTION I. TIP SLOTS

1. The general performance of the wing with tip
slots was slightly poorer thaan that of the plain wing.

2. Ordinary ailerons gave somewhat greater rolling
control at high angles of attack on the slotted wing than
on the plain wing, but it was below the assumed satisfac-
tory value, and the adverse yawing moments were not re-
duced.

3. Rigging the aillerons up 1Q° gave improved yawing
moments but slightly poorer general performanca,

4, The Handley Page type interceptor was found to
give much more favorable rolling and yawing moments when
it was moved back a certain distance from the slot and
became in seffect a small spoiler,

5, The 0,07 ¢ high spoiler when combined with the
allerons gave rolling control in excess of the assumed
satisfactory value, together with favorable vawing moments
at all angles of atitack through 30°

6. The large spoiler alone gave a moderate amount of
rolling control, togsther with extremely large favoradls
yawing moments, possibly too large,

7« The Clark Y wing model with Eandley Page tip
8lots as tested had no autorotational tendency below an
angle of attack of 52

SEOTION II. TFULL SPAN SLOT

1, The genenral performance of the wing with full-
span slot wasg improved consideradbly over that of the un-
slotted wing and that of the wing with tip slots.

2., Ordinary ailerons gave rolling control definite-
1y below the assumed satisfactory value at angles of at-~
tack well below the stall of thas fully slotted wing.
Falrly large adverse yawing moments occurred with equal
up-and~-down deflection, but these were reduoed somewhat
by the differential movemsents,
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3. BRigging the aileroms up 10° when neutral elimi-
nated the adverse yawing momeants below the stall dut not
above.

4, Satisfactory rolling control at angles of attack
up to the stall of the slotted wing was given by spoilers
combined with ailerons having equal up-and-down or aver-~
age differential movement., The control was within close
limits of the assumed satisfactory valus several degrees
beyond the stall,

5. The large spoiler alone gave 2 moderate amount of
rolling control, together with extremely large favorable
yawing moments, possibly too large. '

6o The wing with full-spen slot had autorotational
tendencies at angles of attack above 25°, but the maximum
autorotational tendency was definlitely lower than the av-
erage for plain Clark Y wings.,. ‘

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 25, 1932, -
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ORDINATES OF CLARK Y WING WITH HANDLEY PAGE SLOTS

Basic CQlark Y

Cut-off Clark Y

Per cent basic chord

Per cent basic chord

Slat

Per cent slat chori

Station | Upper |[Lowsr Station ;Upper Lower Station | Unper ! Lover
) 3.50 | 8.50 0 i - _ 0 | 11.60]11.60
1.25 | 5.45 | 1.93 1.85 ; 1.65 | 1.65 1.25 ;15.80 7.24
2.50 | 6.50 | 1.47 2.50 % a 1,47 2.50 | 17.70 | 4.56
5.00 | 7.90 | .93 5400 f a .93 5.00 519.85 .00
7.50 | B8.85 | .63 750 | a .63 7,50 |21.00 | 1.30
10.00 | 9.60 | .42 10,00 a 42 10,00 | 21.60 | 2.43
15.00 |{10.69 | .15 13.00 | 10.07 | - 15,00 ‘22.55 4,60
20.00 |11.36 | .03 15,00 | 10.69 | .15 20,00 ]23.15| 6.35
30.00 [11.70 | © 20,00 | 11.36 | .03 30,00 |23.20 | 9.27
40,00 {11.40 | © 30.00 | 11.70 | © 40,00 | 22.10 | 10.94
50.00 {10.52 | O 40,00 | 11.40 | © 50,00 | 20.05 | 11.66
60.00 | 9.18 | © 50,00 | 10.52 | O 60.00 | 17.25 | 11.35
70.00 | 7.35 | O 60,00 | 9.15 | O 70.00 | 13.78 | 10.14
80.00 | 5.22 | © 70,00 | 7.35 | 0 80.00 | 10.00 | 7.73
90.00 | 2.80 | © 80.00 | 5.22 | © 90,00 | 5.68| 4.38
95,00 | 1.45 | © 90.00 | 2.80 | © 95,00 | 3.52 | 2.12
100.00 a2 {0 95,00 | 1.49 | © 100,00 | 1.20f ©
100 12 | 0
Leading edge radius %se radius of 20.00

= 1.50

from station 1.85 to

station 13.00 and
corrgsponding ordi-~

nates
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TABLE II. FOROL TESTS. 10 BY €0 INOH OLARK Y WING WITH £O PER OENT b/2
HANDLEY PAGE TIP SLOTS OPEX AT ALL ANGLES OF ATTACK - PLAIN AILERONS

Table II

Yawr = 0° R.K. = 609,000 Velooity = €0 m.p.h.
il
PLAIN AILERONS 35 FPER OENT o BY 40 PER CEXT b/8

: a| -5°] o0} e° | 100 | 15°| 17°| 18°| 18°]| 30°] =23°| =28°| 30°| 319] 33°] 40°| BOP| 600
| upls dn. Allerons locked - Neutral

i
oo | 0° |0, |-0.04010.323|0.738]0.988 1.183]1.17811.145|1.065/|1.045|1.110{1.185(2.808|1.208|1.073]0.885|0.718

L
oo | 0° [op| .057| .037| .0B7| .088 .196| .819| .339| .334 . .418] .635! .6858| .875| .774| .838(1.081
Equal up-and-docwn

30° |05t .088 .063/0.081 047 .04} .043| .037] .038 .03} .OI1
20° |20° |C.t -.003 -.015/-.0 -.034 -.037{-.028~-,028|~.029 -.030[-.031
850 |35 |0%" .070 07| 07 .088 .0B4| .051| .047] .037 .031] .015
350 |20 10" -.008 -,017|-,08 ~-.087 ~.031]-.03L|-.033|~.038 -.038[-.036
30° o .078 078 .07 .059 .066| .0B5| .0B4 .045 .037| .019
300 | 300 {0," -.003 -.019!-.03 -.0%8 -.031|-,033|~.038|-.042 -.041|=.030

Averags differential No, 1
100 [83° |0¢" .033 ,031| .0 .088 .087) .018| .016 .o:r.c»I .008| .004
10° i8¢0 |0, -.001 -.007|-.010 -.013 -.014{-.014|-.014{~.015 -.014(-.010
200 |13° | oY .053 .OB4} . .04t .045] . .035| .028 .020] .011
200 {130 (G, .000 -.010}-.018 -.019 -.033|-.033|~.034|-.035 -.024-.017
30° |18° jo7! .089 .084] .08 .085 .088] .054] .080| .043 .035] .030
202 |18° 0. .003 -.011{-.01 -.031 -.035(-.0268 |-.028{~.031 -.031{~.034
36° |150 |o%" 075 .089| . L0867 .080| .057| .063| .048 .040 [ .037
35° 1160 [0, .004 -.008]-.018 -.019 -.084|-.034|-.037]-.031 -.031|-.035
| I
Extreme dlfferential No. 3

10° | 79 jort .030 .034{ .017] .014| .009 .004{ .003
100 | 7° |0n" ~.001 -,013|-,013|~-.012|-.013 ~.0123|-.008
200 {130 |O7® 0Bl .046] .037| .034| .038 .019] 011
20° }12° |qp" .000 -,031[-,021|=-.033|~-.024 ~.083|-,018
200 |14° 07" .087 .056] .08L] .049| .041 . .020
300 1140 {0, 008 -.031-.033|~-.035]-,033 ~.037{-.031
400 |1140]03Y 077 .048] .088| .086| .048 .041] .033
40° (1130(0," .007 -.036|-.081|~.034{-,037 ~.037 {-.035

70 1o .081 .049] .088| .059| .053 . .019
50° | 7° |0y .013 -.018|-.016|-.018|-.02% -.033|-.015
10° | o° o3 .081 .018 .013 .017] .0o8| .0068| .003 .001) .003
10° | 09 o) .000 ~.003 ~.008 -. -.008|-.007] .007 .007| .008
200 | 0° |oft .03% 035 .029 .034| .036{ .0 .018 .018{ .008
200 | 0% lg;! .003 ~.008 ~.010 -.013|-.0:3{~-,013{-.014 -.014|-.010
%9 0° o3 .054 043 .039 .030| .037| .038| .031 00| .ole
30° | 00 o, .008 -.004 -.010 -.013|-.013|-.018{-.017 -.019}|-.015
403 | 039 |oy! .084 L0863 .048 .043| .048| .044| .038 .0 .081
40° | 0% g .009 ~.00L -.009 ~.018|-.018|=~.014|-.017 -.018 |=.019
500 | 09 |oy! .073 . 053 .043| .050| .0Bl| .048 .042| 017
5% | ©° |g .013 .001 -.008 -.014}-,010}-.013]{-.017 -.018 }|~.013
80° | 0° g3 .078 .089 .080 .048( .083| .065| .082 .048| 017
60° | 0° jo_' .018 .00B -.008 ~.013|-.008 |~.018{-.018 -.018|-.013

Down-only

0° | 5° Joy! .010 010 .013 .008] .003| .000{-.003 -.008| .001
0° | 5° ja " -.001 -.00% -.004 ~,005(=.004{~.004{-.004 -.004 |=-.004
0° 100 |oy* .018 017 .018 .018| ,007| .005} .002 -.001{ .001
0° {109 |g ¥ -.001 -.006 -.008 ~.008 }=.008 |~.008|-,008 -.007 |~.007
0° {300 |gB .023 .038 .017 .019| .013] .008| .008 001 .001
0° Jage ot -.004 -.011 -.0l4 -.018/-.018(-~.016|-.018 -.015j~.013
00 |300 [o3t . 039 021 .018| .015] .0123| .008 .002 {=.001
0° 300 (04! -.007 -.018 -.080 -.020}-.020|~.031|~.024 ~.033 |-, 018
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TABLE II. (Oont'd) TORCEL TESTS.

Yay = 0°

10 BY 60 INOH OLARK Y WING WITH 80 PIR CENT b/3
HAYDLEY PAGE TIP SLOTS OFEN AT ALL AHGLES OF ATTACK ~ PLAIN AILERONB
R X, = 603,000 Veloolty = 80 m.p.h.

Table IT (Cont'd)

PLAIX AILERONS 35 PER CERT o BY 40 PER OENT b/3

NEUTRAL POSITION RI

GGED

TP 10°

a| -8 | o°| #¢° 109 :H 179 189 189 ao;r za:[ aﬁ soj nj u? 4.$ uo°L 8o°
, W 8 dn. Ailerons locked - Neutral rigged up 10°
0% 0° |go; i-0.1€0/0.2800/0.86110.892 |1.088 F.oso 1.080 |1..070 {1,085 [0.966 [1.03811.105(1.130|1.133 {1.028 [0.673 [0.718
| 0o |og| .os8| .o37) .053| .073] .134| .188| .187 | .308 | .3B5( .314| .371| .474| .488| .514| .734| .803[1.055

Lqual up-and-down (From rigged up 10°)
20% 1800 oy .087 .067| .08%8 .0B1 L0851 .048 | .048] .040 .035} .031
20% | 20° |Oy! .008 -.008 [-.014 . 017 -.038 [-.023 [-.025{-.028 -.038|-.033
250 | 359 o} 075 .089 | .088 087 .080| 087! .053| .048 .040| .037
38° | 35° |0, 004 -.009 |-.018 -.018 =084 |~.024 |~.037]~.031 -.031]-~.035
309 | 30° oy .084 .81 .077 084 . .081| .080| .OBL 048] 034
300 | 30° |0p! .006 -.011 |-.018 -.038 =031 |~.037 [-.038|-.034 -.038|-.040
Extrems differential Xo. 3 (From rigged up 10°)
109 70 [o3t .035 L0231} .031L 028 .031] .031} .019] .015 .013] .008
102 7° {6, .003 -.004 |-.007 . . 010 {~.010 |=.013|-.013 -.012 {-.010
30° | 13° oYt .0E9 047! 045 045 LO048| .038 | .038} .035 .038| .020
200 | 13° |o,¢ .008 -.003 |-.007 =, 020 f~.018 |-,015 {-.018}-.081 -.083]-.017
300 | 142 |o7 .070 .058 | .055 .080 . .048 | 048] .043 .040| .031L
300 | 14° |0y .005 -.00% |-.008 l=.018 ..019 |=.015 [-.018-.028 -.03% [-,033
400 | 1140 jo}r 074 .084] .081 .088 JO45 | 081 ] .054] .047 .045{ .019
40° [ 1140 o, 013 .001 [-.008 =.008 ~.015 [-.011 |~.014|~.018 -.019]-.014
BO° o5 .078 .088| .082 .088 OAT| (049 | 053] 048 Q48| 017
50° | 70 |0, .018 . .001 [~ 004 -, 011 [-,008 |-,008}~.014 -.018|-.011
PLAIK ATLIRONS 35 FER GENT o BY 40 FER CENT ©b/3 CUMBINED WITE EANDLIY PAGE 3 PER OXNT o
BY §0 PER OENT b/3 INTEROEPTOR AT USUAL LOCATION OF WING. INTEROEPICR UP 80°
Lqual up-and-docwn
30° | 20° {0y .088 .084| .065 066 .048| .045]| .083| .083 .063| .038
300 | 20° |0,! -.00% -.014 |~.018 031 L .025 [-.019 k.oao -.034 -.023}-.023
36° | 389 7' .088 L0711 073 .063 ‘061 | ..048 | .087| .070 .068) .040
280 [ 380 |G ¢ =,003 -.016 |-.023 |~.035 -.029 |~.033 |-.0234|-.039 -.088 |-.037
300 | 300 o} .078 .080| .076 .083 .081| .063| .080| .075 .088| .044
300 | 30° [, -.003 -.018 [=.034 .028 -.031 |-.026 [-.038|-.036 -.034{-.033
Average differential No. 1
100 | gio jor .0%a .031| .035 .024 .02 | .0%1| .037| .063 .045| .020
0% | 840 (Q ! -.001 -.007 |-.009 -.010 |=.014 |-.009 |-.010|~.018 -.008 |-.013
200 | 130 [oft .0B8 . .087 .083 043 | .048| .01 .c83 .088] .038
200 | 130 fane .000 -.010| .018 =016 {=.081 [-.015 [-.016(-.019 -.018]-.018
300 | 18° |07 .0es .083| .0e3 .087 050 | .049 L.os 078 .088| .044
30° | 162 |0, .0028 -.010 |-.015 -.017 |-.033 |-.018 |-.019|-.034 -.033|-.024
380 [ 189 |o3* .073 .088 | .088 088 .o61| .060| .057| .075 | .0e8| .0%0
389 | 180 [Qn" .004 -.008 [-.015 -.018 |-.033 |-,016 [».017|~.024 -.033 |-.038
Extrema differential No. 8
100)] 7° jop! .031 .089 | .033 .033 .087 | .038 | .036| .0BO .044] 0%
100 70 |, .000 -.008 |-.008 -, ~,013 [=.007 [~. ~.011 -.007[-.012
200 | 13% | oY .083 .08%| .056 .05 .043| .041 | .0B0] .083 .088| .038
200 [ 13° [0,! .000 -. -.015 ~.0168 081 |~.016 |-.016 | ~.019 -.018 |~,018
3o° | 140 |o3 .088 L083| .083 087 .049 | .04¢ | .058| .073 .088 | 044
30° | 14°_ lg ¢ .003 -.010 |-.018 017 .03% [-,017 |-.019|~.033 -.022|-.034
400 | 1140 jof .078 .070) .087 0832 084} . .068| .071 088! .088
400 [ 114° o, .007 -.008 |-.0123 ~.014 =019 [~.014 [~.014(~.019 -.018 |-.038
509 01! .079 .073| .088 .088 .080{ .053| .084| .0B8 .088| .039
80° | 70 |0’ 013 .000 |~.008 . 009 =.014 |-.208 |-.009|~.013 -.013 {-.015
Up~only

10°f o0 |o! 031 .0181 .033 .024 .019 | .033] .087| .044 .041( .028
10°) 0° lo.! .00 -.00% [~.004 ~.004 .008 (-.002 {-.001~.008 -.003 |-.008
30°| o0 |opt 037 L0358 .038 .037 [".030 | .028 | .038] .083 .OB4| .03%
20°| 00 |g.! .003 =.004 |-.007 -.007 011 |--.0085 |-.008]-,008 -.009 |-.013
300 | 0° [o% .0B3 043 | (043 .043 E.ozv 0351 , .068 .080 [ .043
3091 0% 0! .008 -.003 |-.008 |~.007 .011 |-.008 |-,007|~.013 -.011 [=.015
40°| 0° |eP .083 .083 | .QB0 .048 L0483 | 037 | .045( .063 .083| .053
4031 00 |o! .008 -.001 [-.004 . 008 =2 010 {-.004 |-,004|~,010 -, 008 [-.018
850° ] o° o}’ .08¢8 .082 L.osa L.os'r .083 | .045| .047| .058 083} .03?
500 0° |0, .013 .00% |-.003 005, -.008 |~.004 |-.004(~.007 - -.013
8021 oS o3’ .078 .070 | 088 .088 .081) .0B3{ .054| .0B3 .05% | .035
80° | o° |opf 017 .005 [~.001 .003 |, 007 }=.003 |-.004|~.008 -.007 [-.018
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TABLE II (Gont'd) FOROE TESTS.

10 BY 60 INOH OLARK Y WIXG WITE 80 PER OENT b/3
HANDLEY PAGE TIP SLOTS OPEE AT ALL ANGLES OF ATTACK -~ PLAIN AILERONS

Table II (Qon%'d)

Yaw = 0° R.¥X. = 609,000 Velooity = 80 m.p.h.
PLAIN AILERONS 35 PER CENT ¢ BY 40 FER OENT b/3 OCUBINED WITH 3 FER OEXT o
BY 50 PIR OLXT b/2 BPOILER LOCATED BAOK FROX SLOT SPOILER UP 90° .
a| -9 oo e 109 1s0] 179 1e0| 19°] 809] 29| a3so| 30°] ad a9 40 [ 0o [ eco
5, up l& dn. Equal up~-and-down
20°] 10° {0t .033 048] 058 .081 068} .063] .082] .074 067 .038
100 | 10° cn- .003 003 | 000 [-.003 -.010[~.009|-. -.015 -.013 | -.015
800 | a0° Q7 085 .076) .080 077 .068| .0623| .071] .083 079 044
309 | 309 | Qn! 000 [=.004 |-.009 [~.0L3 =.018{=.018«.017 |~.084 l=.024 | -.024
35° | 38° | oy 087 .085]| .080 085 .07 .083] .075] .088 .087 048
269 | 2380 [Q,' .000 - .008 |~.013 =.018 =.0833|-.032|-.031]|~.028 -.088 |~.028
300 | 300 jQp 078 .088| .089 084 .076| 073} .078| .08 .088 .063
30° | 30° 0, .000 .008 |-.018 l=. 018 -,0385|-.026{-.036 (=-,034 =.035 | -.033
Average differentiel ¥o. 1
35° | 18° {07! 070 074| .07 078 074 .070) .077| .084 .093 .089
38° 150 Oyt 008 001 |=.005 l=.008 =,016|=-.018|~-,018 |-.023 -,034 | -.027
Extrems differential Xo. 3
s0° | 79 ]o; .075 .078] .077 .077 .070| .060| .088| .077 073 | .048
BO° 70 On' 013 007 .008 -.008 -,008(=,007{~.006[=,003 -,013 | =-.017
Up-only
80° 0% {0; 071 0861 .073 .073 .087| .0B4| .058| .068 089 +O4B
60° o° On' 017 ,018| ,007 +005 . |=+008{=,001] .001|=.008 -,007 | =-.018
PLAIN AILXRONS 35 FIR OENY o BY 40 FER OENT b/2 OOCMBINED WITE
T PER JEXT o BY 50 FER OENT b/3 _RIMARD-»EI!GED SPOILIR
6g |55 vp [§, dn. Tqual up-and-down
g0°| 280 238° |o; .080 .118| .138 .118 .100| .0g0| .088] .081 .087 | 044
80° 38° | as° On' 013 .001 |-.008 =015 -,083]=.03%3|=.033 |=-.031 -,038 [=-.033
Avoreage differsntial No. 1
800 35° | 16° Q! 078 L1031 (114 108 088} .087| .083| .100 084 085
80°| 380 | 1B° Un' 015 008 | ,001 l=.008 -.015{=.017}|=~.016|-.025 -.0287 | -.030
Extreus diffarential No. 8
g0°| B50° 7 logt 087 0871 .088 .088 .088] ,074] .077] .078 077 045
80° 50° 7° On' 017 .013| .007 001 =,007|=.008|=.007 |~.013 018 | -.019
Up-only
[0l 60° [+):4 01_‘ .06e 0768 .088  .088 .0?77] .OE4] .0687| .070 070 040
eCo | 600 [+ 4 Gn' 017 014} .010 004 -,003|=,003|-,003|-.009 -.011 | -.015
459 100 0° 07! 060 .085) .075 .078 .070| .0654{ .08 087 .087 020
48°( 100 00 {0.! 0168 Q15| 011 .008 .000( .000|=-.001{~-.008 =008 {=.011
46° 200 co 1 0867 .076| .088 .088 .078| .082| .068| .073 073 038
459 | 30° o° o' .016 013 .008 004 -,003}~.003|-.003 |-.009 -.013 |-.015
489 300 00 | Q3! .06%7 .078] .080 093 .084] .070} .074] .080 .081 044
450 30° 0c | oy’ .018 013 .008 008 =,004|=.005|-.005}-.011 =.014 |-.019
8ool aoo 0e | a7 .081 L079) 081 088 .083| .0688) .070| .Q76 075 Q37
°| 200 o° gn' .018 O015| .00% -1 004 =,003|=.004|=,004}=-.009 -.013 |~.018
80°] 400 00 |07 .067 .077] .088 .093 | .088) .068] .076] .08B .089 | ..088
608 40° 0° On' 018 .014| .01l 008 =.001(=,003|-.003|~.010 -.014 | =-.033
80 80° 0° } 07! .058 0751 .084 086 077 .083F .087| .071 078 043
80%| ac° oo cn‘ .019 .016| .011 .008 -.001|~.008}-.008}~.007 l=.010 (=-.018
30°] 10° 00 ) 03¢ 043 .080 [ .069 073 .085} .080] .06 083 .088 | .0387
300| 100 0° On' .016 0131 .,011 .008 =-,001]|=-.003|-,003|=.007 -.008 | -.011
300) 2300 0% 03 .048 070 .078 .083 073 .087| .084| .088 .088 034
3001 200 0o |g ! .014 .010| .008 003 -,004|=,004|=,006|=-,010 -,013 | -.016
160} 10° 3,4 1} .033 081 .083 084 .067} .Q45] .0B3) .054 084 .033
16°| 10° o° On' .010 . .007 003 =,004(-.004]|-,003}=.007 o= o -.010
SPOILTR ALORE (FORWARD-EINGED) 10 FPER OENT o BY 80 PER OBNT b/8
Up-only ,
10°! o°| o0 |ap .009 0207 044 045 .034} .033| .o018} .007 .001 | .008
100 o° o° O .005 008 | .005 .000 -,004] .001]-.001] .000 001 | -.003
300 o° [ B LIN 030 .030] .083 083 043 .030} .033| .03L1 .084 .002
200 0° 0° |o ! -,010 .008 | .005 .00l ~,004| .000|-.003|(-.005 =-.004 |=.004
400 o° o4 0?' .045 .068| .087 084 .088| .044| .047| .048 .048 013
40° [o3d Qo ot 018 013} .008 008 ~.001| .001l(-.001(-.008 =.008 |-.008
80° 0° o° 0?' .068 073 .084 .083 .073| .069} .083| .085 .088 034
800 0° 0° On' .031 017 ] 014 .010 004 .003| .001|=.004 e Q08 |[=.
90° o° 00 |0y 038 0801 .071 097 .104| .086| .08l .077 .078 Q78
$0° o° o° o, .033 .033| .020 .018 .0l4| .005{-.001| .001 =004 |=,013 §
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TABLE III.

FORCE TEBTS.

10 BY 80-INOE QLARK Y WIXG WITE GO PER CENT b/3

EAWDLEY PAGE TIP 81016 OPEN AT ALL ANGLES OF ATPAOK ~ PLAIN AILXRONS AND SPOILERS

Table III

Yaw = -30° R.X. = 809,000 Velooity = 80 m.p.h.
PLATX AILERONS 35 PER OEN? ¢ BY 40 PR OLNE b/3
af-10°]-8° | 0® [ & J10° J26° [28°] 260 [ 20° | aa® [ ase [ 50° | 320 [ 34° [ 242 [ 40° | 50° [ 60°
dilerons looked - Ksutrel
§, up) &,  dnd
A A
o? 0° | o, }0.257]|-0.048|0.2880.593|0.888 f1.178)1.208]1.165]1.135|1.083(1.140(1.142|1.145(1.1232]1.074(0.905 [0.725
o° oo |ck| .103| .os8| .0zo| .oZo0{ .ca .89 .317] .380| . .280| .483f .539| .83 .573| .711| .898(1.068
0° 00 |6} .008| -.003(~.005|-.007]=.007 |-.043| -.050| -.081|-.063]|-.0688| -.073] -.073 [~.074{~.073| -.083 | -~.0860 [-.045
00 0° | g Y .005] .003] .003) .003] .004, .008 .007] .008|.018 | .028] .035| . . .045| .047| .048| .083
a.nd-dm
88° | 2380 jop .ovo .067]0. 07 oe 083
25° | a88° |0, - -.016{ -.02 .oav .oav -.033 .ou -. -.oae
.. Average dirfezenuﬂ. ¥o. 1
38 | 189 | oyt .o'u .070 .o7 .073 085! .088] .059 .031
35° | 18° jo ¢ -.008{ - .o:u.,- o018 oaa -.033}~.028{-.035|-.038 -.028
Exkrexs differential No. 3
50° 7 |0y .073 .o78| . oo;l .083| .080| .073| .073| .075 ova .03
B50° 7° |0} .011 .000| - -.010 -.014|~.034 {-.023[-.030]|-.034 -.030
600 o° |or 071 .075] 077 .oea .083] .074] .078] .078] .078
80° -0 | ot .018 -008} -.003-.006 -.010 |-.019 j-.0L8|-.035, ~.038 .aae
PLAIN AILXRONS 35 PER OZHT o BY 40 PER OTAT b/2 NEUTRAL RIGOED UP 10°
&, up | 6§, dnJ Allerons locked - Neusral rigged up 10°
4 51~ L g8
0 00 [ oy | --410] -.148] .163 .880]1. 101]2.13012.0841.000]1.010(1.085{1.090 [r.093 |1.090|1.080
00 00 .133] .088| .040 .070] .114] .188| . .64 .314| .zB8| .4%3| .481| .B11| .539| .&73
o0 o° | oy'f .015] .00B)-.001 -.003}~.0123(~.037| =.044|~.083 |~.057 [-.080|~.088|~.087 |-.068 [-.070|~-.088
e° 00 |0, .008| .003| .00L .008| .o008| .0c?| .007| .005| .017| .03 .0Z0| .036| .0%7| .038| .047
Equal up-and-down {(From rigged up 10°)
350 238° | 03¢ .074 o7o| . .073 .o7o 065| .065| .0B9 .031
25° | a5° |0y .004 ~.008|-.014}~ 018 s -.029|-.058-.038 -.oaal
ELxtrems differentisl No. % (r:o- r1 \rp 10°)
50° 70 | ogt .083 .088| .073| .075 .073 .07 .04
50° 7 ja! .018 .008| . 008 -.ooe -.018 .o:.s -.019|-.02 -.oa-r
PLATS AILERONS 35 PIR OERT o PT 40 PIR OENT b/2 OOMBIRED WITH HANDLIY PAGE 3 PER QLiT o
BY 50 PIR OLNT b/2 INTERCEPTORE AT USUAL LOCATIONK ON WING. INTEFCEPTOR UP 80°
63 P‘ up 6‘ dan Equal up-and-down
o001as® | as° | oy .078| .089 .073] .08 .055( .083| .0B0| .04B .030
90°3s0 | 28° | Q! -.003 [-.018 -.081}.,020 .oao -.033 |-.084(~.023|-.023 -.030
Ayerage differentlsl ¥o. 1
s0%fsgo | 180 | gyf .ou 011 .072| .07 074 .085| .088 043
900|350 | 180 (0O ! -.0130.013 -.015 - 017 -.oa1 -.08% |~.035 -.023
] Extrems differentisl ¥o. 2
900 | 50° 7 o .074| .078 .079] .080 .083( .088 | .070} .075| .073 .085
900 | 50° 7° |6y 1018 | .000 -.005}-.008 ~.004 |-,015 |-.016 |-.080 j-.081 =.031
L Up-only
500 |60° 0% [agy 073 .080} .083 .083 ose 071} .089| .071 054
00 [800 0° | ¢y 015 .004 .000{ .000 003 |-.008 |-.010 {~.015 [-.017 -.017
PLAIK AILERONS 35 PER CENT o BY 40 PER CENT Db/ OOMBINED WITH
3 PIR CERT o BY 50 PIR OEN? b/2 sron.r.n:.ommnmtmxm SPOILER UP 80°
Equal up-and-down
s0°as° | 282 | oy .o71 .070] .076].087 ore] .07 047
g0°jas® | as® |o ¢ . -.010 {-.014 . 014 -.014 o:.s 015 -.037
punt ATLERONS 85 PIR OENT o BY 40 PER CENT z omm:nn nm

7 PIR CENT o BY §O PER OLNT b/2 EARNARD. (A HGED BBOTLIR
I
o 078 _085] .103 mzl 119 .108 ] .20% 3 g ]
Qaw 250 Lo’ | ] onl I .003 |-.005}~ 008 -.015|~.024 [~.028 |-. I-.gas—r L !-335‘ l
Average differential Wo. 1
° O 10,1 .0 .081] .094].113 .113] .100| .10s| .081 i .083 |
gﬁg; 1% loi-l o:.a! | .010] .004-.001 IR IR Wy M B -.0%4
Extrene differential No. 2
o o To;° L073 Lo7a| .091] .110 .11l .oes| .os¢]| 087 .oul I Ioso ‘
200 9.18" 7 Ig;-l I.oaq. l .o018| .01} .00B -.oo:.l-.ou -.018 -.oul-.ou -.039
° 0° |ay! 068 073 106 oes .082 .oe:.‘ .osa‘ i [.oae T
550|850 oc’ia;' | T.oaa l .030 .om{ o;!_ l 5|-.011 {008 |--013 -.033
SPOILIR ALONE (TORWARD-HINOLD) 10 PER CEKT o BY 60 PIR OE¥T b/3
TUp—only, —
] .028 .os0| .o07af .007 .104| .oss| .csx] .o77] .078 .
ggg 82 gﬁ & .083 .033| .oR0f .018) .014| .0os5|-. ~001|-.004 -.013
)8
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TABIE IV
ROTATION TESTS. 10 BY.80 INOE OLARK Y WING WITH 0 PXR OEXT Db/R
EANDLEY PAGE TIP SL1OTS

6, 1is given for forced rotation at p'b/av = 0,05 (§) Alding the Totation
(=) Damping the vosation
p'b/3Y valuss ars for fres Tolation

Yaw = 0° YVelooity = 80 m.p.h. R.X, = 809,000

] “I o°l Jﬂil 1e°l 1301 19°I ao°J n° aaol 3s°Lse° so°T 3%° az°|l 34.°l 35° l:ao 400
Allerons locksd ~ Xeutzal at 0°
(+) 0, |--0843)-.0318{-.0083-.0088 |~,0015 |-.0012 | -.0118{-.0188 ~.017% |-.0073 |.0007 0030 0084
Ro;:.tion -
gock- |59 .08 )47 3% 47
(=) on 2.0343| ~,0307 |-, 0088 |-.0085 |-.0005] .0008 | -.0105]~.0188 -.0148 |- 0042 0070 0080
Rotation I -
(ocountez= pt
clockrise}z’y o |8 .385 480
AlsTons looksd - Keutral rigged up 10°
+) 0, |=.0348] -.0353|-.0088-.0074 |-.0028 |~.0008 | -.0088|~.0174 |-.0188 -.ooas'-.oo:.: 0048 .0018 | .0073
Rotationi— i 1
(slock- [pi® .080 .180 .408
(-) 0, |-.0218} ~.0200|~.0100{~.0114| .0018| .0016 | -.0058}-.0140|-.0180 -.0083 | 0048 .0083 0034 | .0070
Rotation A
(counter- )
ey Y 084 |.141 .338 «408
TABLE ¥

ROTATION TESTS. 10 BY 60 IXOE CLARK Y WING WITH 50 PER OENT b/23
HANDLEY PAGE TIP BLOTS

is given for forced rotatlion mt p'b/3T = 0.05 (+) Aiding the rotasion
(=) Damping the zotetion

%

Yax = ~30° Velooity = 80 m.p.h. R.K. = 809,000

Lo [w [w]w === ===

Allerons locked - Xeutral at 0°

soo

w | w |

(+) 0Oy, -0-0300 |=0.03E5 |-0.0430 |0 .0550 {-~0.0480|~0.0485)-0.0510 |~0.0648 |-0.0735 |-0.0770 | ~0.0775 [-0.0885]~0.0535 | -0. 0540

(~) 0, | -.0180] -.0080] ,0000| .0100| .0360| .0435] .0385| .0300| .0440| .0505] .0585; .G370| .07e0]| .0840

Allerons locksd — Weutral riggsd up 100
-,0384| ~.0530| ~.0388| ~.0450| -.0583| -.0434) ~.0478| -.0588| -,0888 ~.0728| -.0888| ~.0534

(=) o, | -.0148| -.0058% ~.0050| .0044] .0300( .0400| .0338| .0370| .0430 .0520] .0844} .0758
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FORCE TESTS.

Yaw = 0° R.X. = 809,000

TABLE VI
10 BY 80 INOH OLARK Y WIRG WITH HANDLEY PAGE FULL-SPAN SLOT
OPEN AT ALL ANGLES OF AZTACK —- PLAIN AILERONS AND SPOILERS

Velooity = 80 m.p.h.

Table VI

PLAIN AILIRONS 35 FIR OENT. o BY 40 PEIR OENT b/3
N [ £° | 5°T 1o°,| 160 [ 200 | z4°l 280 aso[ aoj ss°[ 10° Lso°J 60°
&, wp -] , da. Ailerons locked - Nesutral
o° 0° . |0, ~0.017(0.293/0.838(0.700|0.933/1.333|1.888 1.818(1.830(1.455(1.258{1.148 (0.968,0.798
o° 0° |6 | -088] .0 .054} .081| .083| . . .340| .380| .475| .633| .753( .899)1.018
Equal up-and-down
200 | 20° |0t .083 .061]0.058 .0198| .015| .015| .008
20° | 20° |0p -.015 -.037(-.039 -.031|-.0389|-.085}-.030
350 350 0y! .085 .087 .073| .oes .087{ .024| .018| .008
§g° % gn' "89:;' -.837.2 -.ggz -.03E -.gse -.036 "'833 -.gas
0 o 5 . . . .078 .036) .031] . 011
30 30 Op -.004 -.019 ~.035(-.039 -.041(-.040|-.033|-.038
Average dlfferential NHo. 1
10° | 8° |oyp .037 .038 .038| .033 -.003] .000| .003| .000
100 8io 0" -.002 -.007 -.014|-.014 -.017|-.014}-.013(-.009
n
200 130 o7t .047 .0 .062] .044 .015| .015] .014| .005
300 130 e, -.001 y -.011 -.081|~.083 -.086|-.023|~.080|-.015
S0 | 1% |6L 001 it 024|-1085 081 |-.088 | -084 |- 031
35° | 10 {o7r .0es .086 .073| .073 .058| .038| .028| .018
350 1s0 oy .003 -.010 -.033|=-,028 -.031|~.031{~.037|-.024
Extrems differential No. 2
10° 70 ¢t .038 .037 .038| ,033 -.006|-.001] .003| .00L
100 70 0y -.003 -.007 -.018|-.014| . ~.018|-.01% [-.013 |~.008
20° | 130 N .048 .050 .0B3! .04 .034| .014| .014| .008
- ek
. N . -. .033| . . .
30° 140 o;' .001 1-.011 -.035|-,029 -.083|-,033(-.088-.033
% |His |ou 1008 307 0381088 1089 |~:028 |--038 |08k
509 %o o 077 .089 075! 074 .045| .038] .038| .013
50° 70 9, 011 -.0028 -.015|=~,020 -.034|-,085|-.018 |-.018
Up~only
10° o° 07" .018 .017 .018| .018 -.010|-.008| .003| .000
10° e |opt -.001 -.004 ~.008|-. -.011|-,008 |-,007 |~.005
200 o 0! .033 .033 .038| .033 .005] .007| .010| .005
20° oo 9, .001 -.005 -.013|=-.016 -.017(-.016|-.013(-.010
309 o° o7t .048 .040 .061] .063 . .021| .0 .013
30° 0° 0, .Q04 -.004 -.014|-.019 -.021|-.081|-.037|-.014
400 09 o 087 .049 .087| .069 .033| .038| .037| .023
400 0 0y’ .008 -.008 -.013|-.018 ~.080|-.081 |-.018|-.018
Rl |d | I s I i I
. . -. - - -.018 |-, -.0L
600 oo |e% .073 086 071 .074 .048| .040| .023| .010
80° oo 0. .018 .00¢ - -.01 -.018|-.018 |~.013|-.011
Down-only
0° 0° 07! .006 .007 .008 .008] .008| . .
0o 0° o;- .000 -.003 -.002 -.001 -.ggz -.88% -.ggg
0° | 100 oM .01l .014 .014 -.008| .008}-.004|-.003
1
09 | 100 0, -.008 -.008 -.008 -.010 (-.008 |~-. -.004
o0 |20 03" .018 .037 .Q34 -.006} .018|~,003|-.006
0% ) 3c0 10! -.008 -.013 -.015 -.016 j-,015 |-.011 |-.008
oo o |o! .038 037 0% -.0081.0109 |-.008 |-.008
o° 30 o' -.008 -.017 -.028 -.033|-.021 |-.016 |-.0123
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Teble VI (Oont'd)

TABLE VI. (Oont'd) PLAIK AILYRONS 35 PER OERT c BY 40 FER OENT b/3

XEUTRAL RIGGED UP 10°

a | -mo{0° | 59] 82| 10°| 38°] 20°} m40 [3s° [ 289] m0°] 380] 400] m0°| e0d

65 up|b, dn, ALlerons locked - Neutral rigged up 100
o° 0° O [--118 1841 .53 .860]1.348{1.588|1.735 [1.843 1.413(1.189)1,113 |.547 |.783
0° o° Op .094].051]. .078] .130| .304| .288} .308 ,435) .B89| . .837 |.938
[ Lqual up~and-down (From rigged up 10°)
30° 200 0! 088 ,063 .084] .080 .038 .037 | .033| .0l4
30° | 200 |0t .003 -.008 -.023|-.0238 —=039(-088 |-.034|-.020
369 2350 0%' 088 0668 0731 073 .038} .035| .039| .01%
28° 28° On' 003 -.010 -.033]-.038 = 031j~031 |~-.037|~.034
2090 300 0z' 077 .078 .080} .078 .040} .038| .039| .024
20° 300 on! 003 -,013 ¢ =038 |-.031 =033{~033 |-,038| -.038
Extroms differential No. 3 (From rigged up 10°)
109 70 Cy! .038 087 030} .037 .000] .003] .008| .004
10° o .001 -.004 -.011]-.013 ~014/4013|-.011| -,
800 120 gyt 051 ,043 .054| .083 ,035| .033| .003; .00L
a0° 13° On' 004 -,006 -,016{-.030 =033] =033 [-,018(~.015
300 14° oy 064 .055 068 .083 .035| .031| .037| .034
14° On' 007 -.004 -.015|-,019 =084~ 033 |~.030}-,030
40° j1lio 05! .068 081 .0668] .087 .040] .035] .034] .01l
1130 On‘ 011 .001 -.013|=-.017 =0230|~031 |~.018!-.013
Bo° 70 03! 088 080 «088]| .0es .043| .037| .081] .008
B0° 70 On' 016 008 -, 007 |=-.011 - 013|016 |=.010} =,

PLAIN AILERONS 35 FPER OENT c¢ BY 40 FER OLNT b/3 OOMBINED WITH
REAR-EINGED SBPOILER 7 PER OENT o BY 40 FER OEXT b/2

6B &, wp 6‘ dn. ' Iqual up-and~down
90¢|38° | 389 | 0;' 081 .108 J141] .45 <141 .081| .044| .0Z0
80%350 | 28° | o ! .010 -.004 -.018 |~.038 -~028]~036 |-.032] -.0Z0
Average differential No. 1
§0%/38° | 18° | 04f .085 .08%? .133| .143 .13g .089| .053| .03%
80°/36° | 18° | O .016 .003 -.013|-.018 ~033|-.038 |-.038|~.038
Extrems differential Ro. 2
90°150° 70 1 0y} .088 .00 .123] .120 .137| .093| .048| .0234
90°{ 50° 7° | 0y .031 .008 -.004 |~.010 014,020 [-.031|-,020
Up-only

18°] 10° 0° | o .037 .00} .088} .093 .091) .059| .030] .020
150|100 02 | ot 008 .005 .000 |-. -.008{~010 |~.013| -,013
201100 | oo fokl |:0d8 /008 [001 |-/604|  |~608|-010 --035| 018

% 1 n . . . - - - -
7| 200 0 |0, N .086 .089] .108 .108] .070| .037| .036
303|309 0° | oy .010 .006 -.003|-,007 -009(-013 {-~.016|-,017
46°110° 0 | oy .0B4 . .094| .104 .103| .088| .035| ,083
4509|100 0° | g, .013 .008 .091{-.003 - 005(~0C9 |-.013|-,012
45°| 300 0 | oy .058 .070 .104| 113 110} .074( . .037
45°(30° 00 | og! .013 .007 .003{-.008 -008[-013 [-.018-.016
480! 200 oo 2! .08 .073 L1111 130 .118{ .080( .045| .033
45°{ 300 0° | op! 015 .007 ~.003(-.008 ~010{~015|-.018|~.018
80° 300 00 1 . .075 .108| .115 114} .077] .041| ,037
80°] 309 0% | gt 014 . -.003(-.005 -008(-013 [-.018|-.018
8001400 0% | a3t .071 .078 .110| .135 .134{ .088| .051[" .040
80°] 400 00 | Gyt .018 .010 .000 |-.005 -~008]~015 |-.018/ -, 083
00800 0 | 03! .081 .c84 .114| .133 .133| .086| .048| .031
80°/6800 00 | Opf .036 .014 .003|-.003 -~ 008}~ 013 |-.015{ -, 016
§0°|80° 0 | oy .083 .088 .116! .138 .13g{ .087| .047| .023
80°| 800 0° | 0p° 036 014 .003 |-, 004 -007[-013 |-.016{ -, 018

FORWARD-EINGED SFOILER ALONE 10 PZR OENT ¢ BY 80 PER OENT b/3

Up-only

109 00 | 02 | oy .008 .015| .o034| .04e |.0s8 .011 -.008
10°| o° 0 On! .003 .008| .004| .000 =003 -.002 -.001
0o 0o | o .034 .037| .063| .087| .078].078 .053 .003
20°%| Q° 0% | ot .010 .008| .005| .001|-.005 =008 -, 013 -.004
00 0° | gy .058 .069| .073| .088| .0e9].100 .071 .018
40°| 0° 0 | gt .018 .018{ .010| .00B| ,000-002 -010 -.001
8g%] o° 0° | oyt .068 .070| .083| .100| .114 .115 .087 .038
80°| o° 0° n! .033 017 .009| . .001}-~ 007 -.013
80%| o° o | o7 .070 .078| .082| .108| .1=2 .128| .098 .0%8
900} 0° 0° | opt .028 .033| .019| .014 .00% .006(-,003 -.013
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TABLE VII. FOROL TESTS. 10 BY 60 INGH OLARK Y WiNG WITH EANDLIY PAGE
FULL-S8PAN SLOT OPEN AT ALL AHGLES OF ATTAOK ~ FLAIN AILERONS AND SPOILERS
Yaw = -20° R,N., = 808,000 Vslocity = 80 m.p.h.
PLAIK AILERONS 36 PER OENT o BY 40 PER LT -‘:—
2] 8] o° | 8%} 10° | 16° | 200 | 24° | 28° 2501 20° | 35° | 40° | BO® | 80°
§ 4 9P g A 4n Allerons locked - Keutral
o° 0° | op|-0.088(0.250(0.564/0.958|1.333|1.633|1.684{1.801|1.638{1.486|1.317{1.138|0.083}0.618
o° o© }o .088| .00 .083| .085) .138} .304) .288| .383} 328! .448) .597| .718| .872| .es1
0° 00 0’5 .008(-.007}-.011}-.013}-.011}-.019|-.035{-.038)-.037|~.068 |~.078 |~.083|~.067|~.0568
oo 0° |0 .003 .003| .003| .004| .007| .014| .021| .033| .034] .032| .045| .049| .06l .0BS5
Equal up-and-down
26° (380 |of .088 .068 .Q78| .068 .081| .038| .080| .011
350 |[38° |og -.003 -.018 -.020]{-.033 -.033}-.037|-.035|-.0283
Averago differential No. 1
360 |180 | off .070 071 .078| .077 .088| .050| .037| .033
86° |18° |0} .004 -.008 -.023]-.037 -,029{-.037|-.038 |~.028
Extrems differential No. 3
]
80° 70 o' 071 078 .083] .086 .083] .0681| .085) .038
50° RN .013 .000 -.018{-.033 -.028|-.038|~.037 |~.088
Up-only
e0° e |of .088 .078 .081| .087 .068| .ces| .os5| .038
800 e® |oy .018 .008 ~.010}~.017 -.020{-.038}|~.033|-.024
PLAIN ATLERONS 35 FPER OENT o BY 40 PER OENT 3-. MNEUTRAL RIGGED UP 10°
Allerons looked — Xeutral rigged up 10°
o° 02 107} -.149) .148| 481 .761}1.133]1.444(1.693]1.5680}1.630|1.438}1.344|1.115| .948| .783
0° 0° \top| .09} .o0| .048| .071| .119| .183| .241] .370| .294| .408| .B83| .683| .892]1.038
0° 6 Joy| .013|-.005|-.008}-.010}-.007|-.016|~.030}~.048|~.083}|-.060]~.080|-.080 |~.068}-.048
o° 0° |cpf .004| .003| .003 .004| .008| .013{ .018| .018| .030| .Q38| .043| . .053| .0B5
Dqual up-anddown {From Tigked up 10°)
a8 |as° |of .070 071 .078] 077 .065! .0o60| .037| .033
as® |8s° o . -. 008 -.033|-.037 ~.039|-,037}~.038 |-.028
Differentisl Xo. 3 (From rigged up 10°)
80° 70 oﬂ .0683 .089 .078} .07 .077| .0B5| .086| .034
80° |0y .010 .007 -.007|-.013 -.015!-.019|=.037 |=.038
PLAIN ATLERONS 35 PER OEFT o BY 40 FPER OLNT -g-
COMBINED WITH REAR-HINGED SPOILERS.7 PER CEN? o BY 40 PER OXNT -2-
_68 _'_B‘up_ E‘ dn, Equal up-and-down
900 [38° |3s° o 071 070 .087} .085 .077| .038|-.033]-.080
90° |380 {38° |0y 013 .003 -,00% |-.001 .003| .005| .c18| .028
Averages differential Xo. 1
800 |59 | 183 o,'l .073 .073 .080| .087 .083| .033|-.018{-.060
80° |38° | 1B 0.} .018 .010 .004] .005 . .007] .013| .034
Extrome differential Wo. 3
g0° | B0° 79 |0 .073 .073 .09%] .093 .089] .040|-.005|-.020
90° |B0O 7 o . .017 .013] .011 .011] .011{ .015| .033
Up-only
20° |ao® 0 o .088 .089 093] .081 .089| .043| .000|~.038
g0% |80o oo jop 088 .033 .018( ,018 017} .015| .01e| .036
TORWARD-HINGED SPOILTRS ALONE 10 PER OENT o BY 80 FER CENT 'bi
Up-only
g0® | 0° o jo 034 .038] 080} .0e8| .078 .078| .044 -.035
g00 | o° e° |op 037 .029| .029| .037| .0a28 .038| .035 .025




TABLE VIII.

ROTATION TESTS.

C) 1s given for forced rotatlon at p'b/2¥ = 0.05

'b/2¥ values sre for free rotation

{

10 BY 60 INCE CLARK Y WING WITH HANDLEY PAGE FULL-SPAN SIOT

(4) Aiding the rotation
(=) Darming the rotation

Yaw = 0° Velocity = 80 m.p.h. R.N, = 609,000
o 0° 12° 16° | 20° | 22° | 24°] 25° | 26° | 27° | 30° ] 32° | =389 400
Allerons_locked - Neutral at 0° i

($ GR -0.0243] -0.0238]| -C.0278{-0.0248 ~-0.0148! 0.0117 P.015B 0.01400.009710.0110; 0.0095
Rota-

tion Plb

wige) |

(=) {0y |-.0R45] -.0246/ -.0260{ -.0200 -.0125 .0160 | .0168] .0190! .0188] .0208 .0160
Rota~

tion

(cauna*

ter »'b

Glock—.%‘fv" 0086 9387 .465 .5%
wise)

- Allerons locked - Keutral rigged up 10 -

n(:) Cx | -.0228] -.0223| -.0281| ~.0258}-0.0243 ~.0016| .0092 | .0152 | .0130 | .0110| .0062| .0084
Rota- :
tion oth

(- Ca -.0305! -.0220] -.0R571 ~.02256 | -.0210 -.0135] .0145| .01%6 | .0180 | .0180)] .01650} .Q150
Rota~-
tion

(coun-

ter 1h
clock- 1;_",. .071 372 .449 | .533
wise) {7
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TABLE IX.

(031
H"

Taw

ROTATION TESTS.

is given for ¥

= ~20°

10 BY 60 INCE CLARK Y WING WITH HANDLEY PAGE FULL-SPAN SLOT

orced rotation

Velocity = 80 m.p.h.

1t ntb/2v = 0.0

R.¥. = 609,000

< J (+) Atding the rotation
“ ((-) Damping the rotation

200 | 220 (23° | 24°0 25°] 26°] 28°] wm0° [ m2°

! 359 |

400

16° | 18° |

Ailerons locked - Neutral at 00

(+)
Rota-
tion
(clock-
wise)

"-0395

"‘s0403

_10443

"10493

~.0516

""'l0458

"IQ?’&B

-, 0393

-.0408

"-0448

-.0653

~-+0636

Rota-
tion
{coun-

ter

L2

clock—
wise)

~.0140

"l0065

—-0075

- .0050

.0026

~0145

0272

0295

0362

.0€08

.0730

.0778

.0875

.0800

Ailerons 1odked - Neutrsal

rigged

10

™
nouwg—
tion
(clock-
wise)

Cx

-.0328

-,0348

-.0410

-.0438

-.0488

""0418

~-.0416

"'-0448

- -04&’

-.0653

""106423

(-)
Bota~
tion
(coun-

ter
clock—~
wise)

-.0085

-.0110

.0050

.0260

.0220

0477

.06568

.0690

0795

.0870
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B OF QONIROLS FOR WING WITH TIP BLOTS
Plaln |
;,110 .
pollor Snoiler
Plgin ;.;J.::Sﬂu BB&:.:EI o odso v ;:.u.‘:.;uom ;1!.1!! u.l.lumdﬁoa vy D.Ogn? Plain ailerons. g-:.glb!
aboxd, a - wlote O, 1A gpod | nlam:?;ut . . o
Subjeck ariterion (-u.nr:hnd:m P ong 153 0.800 b, ° b, ak 5‘,“ 1’,/2"' o by hhi-
sizs) My slots Tip slo 0.08 o ™5 lsta Tin
Plaln wing® alots
Bland- Di:m-nurm-‘ﬂp- Htan)-| A TTer-Diffor~ Un— [Btavd- Differ— Biani- Btand~| LIT{ar-DiTier] Up- |Up—
ard enulal |ent Lll only |exd entinl |andiel ua%yud sublal | axd sntinl lntial only gr
Bk el B TR B i Lkt &
. up|50° op up . dan
18° dn. 7O dn. 14° du, 7° dn, 79 o wﬂg 793.
Tiog area 0T
minimom spesd | Maximom u,.] 1.390 |2,370 (1.370 [1.27D|1.308 |1.308 1,208 |1.308]1.133 |1.135 | 1.308 1,308 | 1,208 | 1,308 1,308
Speed Tangs Max. Op/minlB, &
[ L -lu‘-oo T4 |79.4 [T9.4 |79.4 |v5.5 |v8.5 [v8.5 (v8.5 [85.8 |es.s | v5.B |v6.5 |78.5 |v5.5 [v5.5 |v5.5 |55 | o758 | 9m.m | .8
Fate of climd '%"":. ]' ]
: . 15.9 |1s.0 [15.0 [1g,0 [15.6 |15 |i5.9 |59 j17.1 a1 | 188|189 5.0 {150 [15.9 |15.9 |15.9 |15.8 [1s.8 | 189
hateral
oontrollability|Ra| o= ¢
Siok cloasd 0.204 |0.703 {0.714 [0.108]0.304 (0.208 [0.514 |0.198|0.34@ |0.320 [€0.504 B0.002 Bo.ins %0.10880,304|0.204 |0.172 | 0.171 | 0.156] 0.1355
B)| a=0°
Blot apen 0 | oM | .o | .073] oM | om | .om | .oee| .ore | .00 | .om | .070 | .093 | .068| .qe8| ,119 | .102| .oes| .ovz| .om
wW| o= w0 038 | .o50 | 058 | 054 .057 | 081 | .060 | .os8} 081 | .0a8 | .oBa | .on8 | .057 | .o68| .oma| .ows | .om | .ome] .oso| .oss
B| o= 30° .027 | .005 | .008 | ,003) 008 | .047 | .047 | .0a5| om0 | .05 | .o83 | .085 | .04r | .040| .0v8] .ove | .oea | .oe3| .ose] .oms
Lataral conkrol |[Maxiwum o at which
with adds alip | condrols will bel-
ange O;' &w _ - N - _ " _ _ _ _ _ _ _ _ _ _
you~ a0 |20 MY | % 2°| 89 | MU | 2P| M° | WO | mO| RO 2P| a2°] %] MO | 3| 2| 0 mO
b ( womonts |0 |2 = 0° Mots olosed) 0.00% '0.010 (0.008 .oo8 | 0,010]0,018] %v.003|0.m8 | E .008 E0.010 20.018[8 29_00g| 0. 0. o. 007
duleom:t;h o -.007 }’-.ooa ‘;—oon -.00% g—.ooa b__ooa - B-.cm%.ooa*-.ms -, 007 oo7 | 00201 0.003 0.00
Hrm 0| = 10° Blots open L"’“x‘; 018 | .02 .005 | .02 ,028] .oos| .07 U oos | .na [ .o07[* .02 .m‘d.m ® og5 | °.oor| .03
-} Unfavorable -.004 P-.poe P-,001 -.004| %= 002 13- 001 -.0032-,001 &-001%
L. | .
a= 20 008 | oz .00B 006 .008 | ,015|* .on0| .0a4]|%.0a33 |®.023 | °. 037
% -.019 P-,007 b-,008 *-,003| ~.010(a-.008 6,008 [x,001 | 9-.0048~003| -.0207-.006 5006 o
= %0° | I ooz 006 .013 | .18| » .ca4] .00y ¢ .oan *.oms|® ozn] .oas[%.0z5 | °.087 . .
% -.008 |-.008 ®-,007 Vo004 | ~.002|P-.006 [P—.008 [1,006| -—.004]-.003 0| .0
Lateral sta- o for initial lnska~
bilih Tility in rolll 189 | 18° f18° | 18°| 33 | 33 [ 33% | 30| 330 | e | | 3| = | 3| 30 |80 3| mo| =] =@
u*d,-m o for ipitial loate-
g:.atyu P'b/aY -
- Teww0od |17 |17 |17 [ a0 20| 3@ | 390 | | 209 [ s | =P | mo| e | mw°| 2P | za0 | 30| 3P| =©] e
Ditto Taw=a0o | 1% 1% (1 | ) M| 2% | MT ] MP[ 1% 1R | ME| MF | 1P| U] MO | uT | | | we| o
Naximte unsiabls
o = 0,00 2 £ oca [£.000| £.007 [t
Taw= 0° | 048 | .048 | .048 | .o4a| T,000| *.000| T.000[F.000| £.007 |[2.007| f.008|f.cov |f.008 |f oow| f.o00|T.008|Z.000 | £.008 | t.000] L.000
Ditka Taw=20° | 003 | .00 | .083 | .o03| .ov8| .ova| .ov8| .ove| .oma | .ows| .ovs| .07 | .om | .om)| .om| .ove| .ove | .o7e| .oms| .ome
g ® Ihhthuﬂn-mhumummbemmuﬂooﬁm,mhtuﬂ indloske the deflaotion of ¥he up adleron as follows: ® = 10°, b w28°, % 2%,

= 307

o= 4of,
* uman amibe.

Barl

ook yat

E allarons mlone deflsated for shis conditlon.

B Deta from Roforenos 1, Farts I aod V.
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TARLE X1, CHITEAIONS SHOWING RELATIVE NERITS OF CONPROLS FUR WING WITH FPULL-GPAN SLOTB
Plain sllerons BS par oouk ohord by Plain allerons Plain adlsrons Plain ail with spoller 0.07 lor
Subjeot oritarion +0 oout semispan (azmwmod mtan~ full-spen slot Yot z o 0.40 b’!. wpan slat . ¢
! mﬁm)__,_, . .( up 159.' I'Ed b ’ by 0.60
Flain wiog” ¥ TN rlu:.%.
Btandard] DL faren] Dif1s Gtandard| Difaren—| DAfforen| at  Difforen | DitL DLfTeren— fpan o
00 wp Fm ¥o.1| tial lu.;’ 25 vp |$1al ¥o.1]timl No.3|Up-oniy 26b uwp |sigl Mo.® % uwp |vial No.1l|dia) Bo.3|Cp-only!Tpouly
a8° an, |30 op | BOC 600 | 250 dn, {380 50O Uy 8O0 nsf'an.u’c'!l 5% dn, |380 500 ag® 900
100 an, | 70 8. 16° 33, 7 dn, * &, 150 a8, 7 aa.
Wipg arasa or
minleom spood [ Nexiwoa G, 1370 | 1.%70 1.370 1.370 |1.830- | 2,830 1.8 ([1.a30 | 1.7385 | 1.736 1.8% | 1.830 1.830 1.830 | 1.830
5, and
od rangs Mex, A -
tpe =in, og bo=0° oo 7.4 Y.L e nes 142 1maz iuez |aoss | 1m0 14,2 143 14,2 12,2 | 14,3
Bxte of olisb | L/D ab 0Oy ) .
0.70 18.9 15.9 15.9 15.9 15.9 15.9 18.0 8.9 17,1 17.1 18,9 18.9 15.9 15,9 }18.9
Lageral omm— : .
trollability | O] a=o* |
Blot olassd 0.204 | 0.708 0.4 0.198 | 0.204 0.208 o.n4 | o0.108| 0.349 | 0.330 0,307 | 06,174 0.138 0.136 | 0.138
B0l o= 100
flob open 078 OH SO 0T 074 078 073 .0ee| .07 .oag 118 A48 091 0] .8
R | o~ 20° 038 . 055 064 047 048 048 .o4a| .043 .odl .oas .o o7 085 [ 060
8| a= 20° 017 008 003 008 088 033 0% 050 .033 .oa8 .0EB 089" 082 068 | .0m
trol wikh cont 1-“-!.1.; balance : ’
s ;
xide slip 0, dus %o O yaw| H0° 20° a° a° ar e ne =0 | = 300 2z 230 ue =° o>
b ¢ womate
&n'w o 0,003 0.010 0,008 0,002 0,010 | o0.018]|%.0c02 | o0.cas 0.00r | 0.008 0.013 0.0 | o.ou7
[ o . N . 0 . » . o R . - o
% fllot olossd =007 |b-.008 |b-.008 : ~.007 | b-joo3 | P..002
() % :1:‘109 004 015 o8 003 010 ows| .003 016 015 019 026 088 038
(-)Tafavorahle oren -.004 |B-,003 |bnlo0L ’ ~.0056 | b-looR | b-.o03 | a-ioo| ) : ) ) ) :
= 700 008 013 003 013 018! 003 018 0% | °.083 . M3 | .om
b= -0 |b.00? |B-.008 003 |+ -.008 003 | b-.005 | a—.000 4_ o001 bt
d=2° 008 .004, 005 .08 .083 .030 053 | .05
% -.008 | -.008 |b-.00? |(b~008| -,018| B-013) O-.0n4 | B..020)%-.071 |e..00
lataral ata- o for inkéial inste- :
hu:g BLliky in rollisg 18° 180 180 180 25° 20 20 30 | =P a° as® as” 28° 2° 26°
(8, 21 6= | o for 1misial inevi-
2 i v -
: Yax = 0O 17° r 170 it ao° a8° a0 sw | amo m° 25" a3 | aw 25° an°
Titko  Yaw =/80° 1° n? 1ne 10 190 1%° 190 190 | ;f ne 19° 1° 19° 19° 19°
L8
o S -
. Yay= 0O .04a .08 048 048 021 .o oL ox| .8 .01 on | on .0m1, L0m | Lom
Dithoe  Yaw = 200 083 .093 035 093 .08 088 .00°f .oea] ,oeY .07 068 .oa8 .088 .08 [ ,oes
% 454 Wngre the saximam yrwing moment ocoourrsi Dolow maxisea dsflsotion, 4bo Lettors indicabe ¥ho dnfloution of $be Up miloram sa followss ® = 10%, ° = 15%, O = 209, % = 5°

|

® Date from Refersnce 1, Parta I and V,

SH¥p o) BicH TROTUOOSL YOV K

IX 4109




N.A.C.A. Technical Note No.443 Figs.1,2

r=0.02c, Slot closed
S/ N P
Gt\g

\ A
0. 4 \
S i=00185¢ +=0.04c 0.25¢
’_.40_ = Basic chord, c(/0.0%
=—0.40% /2 -—0.40b /22—
e enne e sSlOF closed | Slof c'apen.\ ......................
—r o Y Tio slots T—05015,7—
Soan, b(60.0")
L. i e
L 1,15_'/0;‘ closed Slot openy
« ¥

Full-span slot

Fig.1Details of Clark Y wing withh Handley Page slots
and ordinary aileroris.

0.07¢ .—-Curved plote spoiler
Slot closed
Slat_2 7T
i
le—0.20c— 0.85¢—
Basic chord, c(/0.0%
~~-0.40b /2 =—0.40b /2
| .
| ~Spoiler
— —S/lot closed Slot opens, T~
0500, 7ip slots 050D,/ —
r Span, b(60.0')-— — 1
020b/2 Siot | Spoilen, 0.20%/2
"—“—_’!:_O;‘QE/_E_"J__ (closed k.S‘/of opern 0.40b/2—-
..... A N S e - ]
‘m-—"‘--r—‘ = T L o e e —v——— e P T

Full-span slot
Fig.2 Details of Clark Y wing with Handley Page slots,
ordinary ailerong, and rear hinged sgpoilers.




Rolling-momer coefficient, G;':

J4
- ———— ﬁ-“‘ T
] [+~ Spo gg’—
- — up ¢
Je £F= T hr"“\ Aiteron|
~~ up 60°
7 s S
l" | \“\q-“ ! _J
|
/0 - Spolfer
L \\ P eron
N up 25°
Ung \\ I
N |
Spoiler-
Aiteron|
o6 alt 0°
.04
02
0 ] 20 30 40 50

Spoiler location, per cent semispan from wirng fip

Fig. 3 Effect on Cjy. of spoiler location
along span of wing with full-span
slot and medium ailerons.

(

\

/
\

N
"( |

L/
N

B, Average differentlol fNa.i)

—— — ——

-
-
-

““*7‘*

N

G, Extreme differentiol (No.E)

\

= /N

AN
\ NG

=2/

0, Up-only

L

/\*/7/”\ \
Y

Fig. 7 Aileron linkage sysiems, assumed
meximum deflectionas.
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N.A.C.A.Technical Note No.443 Figs. 4,5

/nfer‘pepi‘or (Hondley Page location)
g omal/ spoiler (improved interceptor location)

- k—0.25c—

‘\1"’] 0=0.04c b=0.08c e=0.03c
Slat | Basic chord, c(/0.0"

an, b(60.0", —
—0.40b/2- Sean, (6007 —0.40/2—)

! \/m,or‘oved /nfer*cep;‘or*f
F—0500/2— ocation Slot open-’ ——0.50b/2—

Fig.4 Details of Clark Y wing with ordinary ailerons,
intercepiors, and Handley Page tip slots.

Slot closed, -gé"()urved plote spoiler

S/o% ’ \E\
)‘-0. /Ec~

0.10¢

Basic chord, c(/0.0°)— >

il | T

~—0.60b,/2— Slot Spoiler- F—060b/2—
e - C‘/OSGOI ’ Slot A i ——
—0500,/2— T slots —0500,/2—

Span, ©(60.0%

~Slot ! 5pox/er~—-~
 [closed | Slof open, =

g —— ettt fo ettt = et

b T T T T T T R T o e S e T e T e o= ____*;_ T =

Full-span slof

Fig. 5 Details of Clark Y wing with Handley Page slots and
large spoiler.




Fig.s

N.A.C.A. Technical Note No.443

50

3

*_—h“'“-w _———

~
<
AN
W

S

e ——f——

oilers, degrees
3

78)

Inferceptor with ailerons

|
[~
<
T

S
Q

)

3

J

(1))

3

R i SR

N
Q

Deflection of down aileron and of s
W
Qo

4 | Ailerons
o— £Equal up-and-dh—

3

~
Q

L T S

\
s

A\ 4

--Up-only

/
/ ,f o———- Differential No. /
d No. 2—]
]

0

’ \\ -
N
~.
oL - . b
/0 20 30 40 50 60

Deflection of up oileron, degrees

Fig. 6 Assumed movements of control surfaces.




N.A.C.A. Technical Note No.443 Figs. 8,10

S O\
<
82.0 - %) o % g
] o] O IR A A =l 40 8
T N
S) /.6 . 3}
w ) 0.25 ¢ by 0.40b/2 ailerons -
T | o= —7ip slots 805
Q Cj‘—-‘?--n. o-----Plain wing O
.2 /.2 l‘f /” &)
> # ‘ _—= g
8 5 él Q\ Londen /’A:ﬂ¢" é-«
: ——tnl 3]
y P S s
1y /|
‘8 .4 f C
O D
S~
X0 ]
~

8] & /6 24 32 40 48 56
Angle of attack, degrees, o

Fig.8 Lift,drag, and center of pressure for Clark Y wing with
50 per cent b/2 tip slots and for plain wing. Yaw= 0°

2.4 T T T T T T L
a W 0.25¢c by 0.40b /2 ailerons o
O O—— Ful/l-span slots o--—-= Plain wing §
22 0 | I N E
o . =P~ - ho-_jt__ —F o 40‘15
5 N7 X cp. %
<
9 - S 80
O CL a \Q Q
R /.2 - A:\ Q
- y "Q‘J ) A y
3 Y i 3
> .8 )7 = o
D 7/ ekl - =:--—-B_< I
S ! o ~~"\4_‘
3 ~
R 4 v i Cp
. . F
STUA =
X | e
N o =
0

8 6 24 32 40 48 56 o _
Angle of attack, degrees, o -

Fig.10 Lift, drag, and center of pressure for Clark Y wing with
full-span slot and for plain wing. Yaw = 0°
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3
E; Rofa;‘ion ?Ving
e o8 ) An Tip slot
g {022 roin wing
<

R
mlﬁ

M o o
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)
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é

Rolling-moment coefficient due fo rolling,Ca
R

Damping rofation

1 j{w\z‘?’/

8 18 24 a2 440
Angle of offock, degrees, a

]
h

Q

¥ig. 9 Rolling-moment coefficients due to roll-

ing at %\T =0.06 and yaw=0" for Clark Y
wing with 50 per cent b/2 tip slote and for
plain wing.

.08

; | |

‘g Rofation Wing
;3"'8' 06 ((t} 3{ Full-span slot

() T T—— )
£2 ! — %\ Picin wing
013, *o\
L L(/ Y
P \
~ M4 E\l ‘
3 R
-

IS 1!
b 02 k! :
] [ = o
& I =] |
0 ] [ a|
0
IS
g a "o i e o = = o )
35
LS —F o
é”g Y 4 /f
= -2 - — —y
2 s

Q

8 /6 o4 g 40
Angle of atfuck, degrees, o
Fig.ll Rolling-moment coefficients due to roll-
ing at §¢ =0.05 end yaw=0" for Clark Y
wing with full-gpan slot and for plain wing.
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